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Fishery Data Collection System for Fishery Utilization Study
of Kaneohe Bay: Two-Year Interim Report

Alan Everson’
ABSTRACT

Asurvey designed to estimate total fisheries catch and effort in Kaneohe Bay, Oahu,
was funded by the Hawaii Department of Land and Natural Resources as a pilot study of the
Main Hawaiian Islands Marine Resources Investigation (MHI-MRI) and is expected to continue
through May 1993. A combination of two standard cresl survey technigues was used to
estimate seasonal and annual catch and effort for Kaneohe Bay. Effort and catch data were
collected bi-weekly (weekend and weekday) on alternate weeks, using the roving creel (for
effortl and access (for catch) techniques. Data were collected from December 1990 through
May 1992. A secondary goal of the study was to chronicle user perceptions of resource
abundance.

Preliminary expanded catch and effort estimates were calculated for all major fishing
methods observed in Kaneohe Bay. Total annual landings for the period from March 1991
through February 1992 were estimated at 115,065 Ibs, of which 48.79% (56,135 Ibs) was
taken by "passive fishing gears" (i.e. set nets and traps) and 51.21% (58,930 Ibs) by "active
gears® (all other methods). These gear definitions were based on the difficulty of detecting
hourly fishing activity for the "passive” methods (in which fishing gear is left unattended
for extended periods of time), making it necessary to calculate catch and effort as a daily
(per trip) average, rather than on an hourly basis. Forty-five percent of landings by active
methods consisted of tako, or day octopus (Octopus cyanea). Spear fishers were estimated
to have the highest seasonal and annual catch of all active fishing methods. Tako
comprised 88% percent of the 29,000 Ibs speared annually in Kaneohe Bay (up to 92%
seasonally). Estimated gill net catch exceeded 40,000 Ibs in 1991 (35% of the total. In
addition, 100,000 organisms (primarily featherduster worms, Sabellastarte sanctijosephi)
were harvested by aquarium collectors during 1991. Annual effort was estimated at 1432
trips for passive fishing methods (gill nets, surround nets and traps) and 64,873 gear-hours
for active methods. Pole-and-line fishing accounted for the majority of active seasonal and
annual effort. More than 35,000 pole-and-line angler hours were estimated during 1991,
spear fishers had the highest active catch per unit effort (CPUE), while pole-and-line CPUE's
WEre among the lowest. For active methods, the variance (@s measured by relative
standard error) was generally lower for effort estimates than for estimated catch.
Expanded catch estimates for passive methods tended to be more variable {highest
reported standard error) than either catch or effort for active methods.

The sampling program made possible a comparison of changes in seasonal and
annual catch and effort for most of the fishing methods observed in Kaneohe Bay.
Accurate total catch data for nearshore fisheries in Hawaii is lacking. Data gathered
through this type of survey represent the first step toward obtaining information needed
to formulate effective management plans for inshore fisheries.
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Fishery Data Collection System for Fishery Utilization study
of Kaneohe Bay: Two-Year Interim Report

Alan Everson
INTRODUCTION

The Main Hawaiian Island Marine Resources Investigation (MHI-MRID was initiated in 1890
to evaluate the status of nearshaore living marine resources in the main Hawaiian Islands
(MHI. A steady decline in abundance of many of these resources over the Iast century has
been reported by fishermean and researchers (Shomura 1987). MHI-MRI was devised as a
cooperative effort, with participants from a diverse group of State, Federal, and private
marine and fishery research organizations, to assess the cause and extent of this decline
and recommend appropriate management methods to improve resource abundance.

A portion of the project is designed to evaluate the current status of fishery resources
within the MHI. An important aspect of this evaluation involves designing a practical
method for estimating the total catch and fishing effort affecting these resources. The
sampling program must be formulated to obtain reliable estimates of total effort, catch
per unit effort (CPUE), and harvest by method and species (or species group) within a given
region. Important considerations include documenting total participation, type and
number of gears used, and number or weight caught by species and area fished.

Few historical data exist regarding recreational nearshore catch and effort in Hawail, and
commercial catch reports are often incomplete or inaccurate. On-site fishing surveys (also
Known as creel surveys) have been used to a limited extent in Hawaii in an attempt to
quantify island-wide commercial and recreational harvest (DLNR 1957-1966; Omnitrack 1991
Hamm and Lum 1992; Kahiapo and Smith in press).. Unfortunately, most of these studies
took piace during a brief time period and were discontinued due to lack of funds, or in
some cases a lack of focus and direction.

Frograms to monitor commercial and recreational catch and effort have been
successfully implemented in locations throughout the continental United States and Guam
(Robson 1960; Malvestuto et al. 1978; Malvestuto 1983: Amesbury et al. 1991: Malvestuto and
Knight 1991). Although there has been some variation in the sampling design and types of
data collected in each survey, they have all had a common goal: to obtain as unbiased an
estimate as possible of fisheries catch and effort, with minimal variance, using standard
survey sampling techniques and limited project funds. These standard survey technigues
will be discussed in greater detail below.

The present MHI-MRI research job, entitled "Fishery Utilization Study of Kaneche Bay"
(FUSKE), was designed as a pilot to evaluate fisheries catch and effort within Kaneohe Bay,
Oahu. Other important aspects of this study were to identify the major fishery
components, fishing gears and methods, and species targeted, as well as to determine the
disposition of this catch and proportions of recreational/subsistence versus commercial
fishers operating in the Bay. The latter information is needed to evaluate the propaortion
of the catch presently registered through the state's commercial fish catch reports, since
only commercial fishers (those who sell a portion of their catch) are legally required to
report (Hawaii Revised Statutes §189-3).

Since June 1880, the FUSKEB study began gradually scoping important logistic constraints
on censusing fish catches in Kaneohe Bay. Full-scale field sampling began later that year,
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following the determination and implementation of effective survey methods. The prcuga{:t
continued through June 1893, This report details the results of surveys conducted during
the first two vears of the survey, using data collected from December 1980 th_rc:ugh May
19482, A secondary goal of FUSKB was to chronicle user perceptions of the ﬂsljerv and
resource abundance, including past and present conditions and conflicts stemrﬂmg _fr_om
mixed uses (i.e. fishing, recreational boating, tour boat operations, and other activities).
Preliminary results of this aspect of the study are included herein.

STUDY AREA

The study site encompassed the area within Kaneohe Bay, on windward 0Ozahu, extending
from Pyramid Rock on the Mokapu Peninsula to Kualoa Point in the north (Figure 1), This
area runs from the shore to the barrier reef and includes the |leeward shore of Kapapa
Island. Fishing activity on the Kapapa side of the barrier reef was also included. Kaneohe
Bay is the largest sheltered body of water in the Hawaiian islands (Smith et al. 1973},
occupying approximately 12.8 by 4.2 km of the windward coastal zone.

MATERIALS AND METHODS
GENERAL INFORMATION

Initially, data collection was patterned after the Hawaii Small Boat Fisheries survey (HSBFS)
commissioned by the State of Hawaii, Department of Land and Natural Resources (DLNR) in
March 1980 and conducted at various ports around Oahu by a private contractor (Omnitrak
1991; Hamm and Lum 1992). One port of landing surveyed during HSBFS was Heeia Kea
Harbor, in Kaneohe Bay. The FUSKB survey was designed to utilize the data base structure
created for the HSBFS, building on methodology designed for that island-wide port-of-
landing creel survey in an attempt to derive a more precise estimate of landings made
strictly from within Kaneohe Bay. Methodology for the HSBFS was expanded to obtain
more in-depth information on fishing activity within the Bay itself and a data entry
program written for HSBFS (Hamm and Lum 1992) was modified to allow information on
shoreline fishing, as well as landings at Heeia Kea Harbor, to be recorded.

The HSBFS collected two specific types of information: 1) the total number of vessels
departing and returning to port was recorded by fishing method used, and 2) interviews
were conducted to ascertain CPUE and total catch by method and species. FUSKE added
an additional guestion to the HSBFS interview survey forms, to determine whether fishing
activity actually took place inside or outside Kaneohe Bay. Although some HSBFS data were
Included, it soon became apparent that several modifications would be necessary to
supplement data collection and gain a more complete picture of total catch and effort
within the Bay.

Information obtained during the pre-survey stage of the study made it clear that a dual
approach should be used to collect catch and effort data. Although only one major access
point (Heeia Kea Harbor) is found within Kaneohe Bay, there are many private docks and
piers along the sample route that aren't visible from Heeia Kea Pier. FUSKB was designed
to utilize a variation on two technigues used successfully in other fisheries, roving and
access-point creel survey methods.
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During a roving creel survey, data are gathered by actively moving through the sample
area along a predetermined route. The roving technique was used in the present study
primarily as a means of documenting fishing effort (participation), regardless of access
point used by fishers. Roving methods were supplemented by observation point
techniques, using a high-power spotting scope, in order to achieve full coverage of the
study area. In access point surveys, the creel clerk 1s stationed at a fixed Iocatin_n
throughout the sample day and contacts the fisher at the end of a fishing trip. Since Heeja
Kea Harbor is the primary point of access to Kaneohe Bay for most fishers, the majority of
catch information for the FUSKB was gathered there via access point survey methods (see
Malvestuto 1983 and Hayne 1991 for detailed accounts of both technigues).

The sample day was divided into a daylight period (dawn to dusk) and a nighttime period
(dusk to dawn). Emphasis was placed on obtaining landings estimates for the daylight
period. Sampling at night presents some unique problems, requiring slightly different
methodology, so that nighttime fishing could only be addressed during the final year of
the investigation UJune 1992 - May 1993). Sampling was further stratified by day type, based
on the observation that participation levels varied on weekdays as opposed to on weekends
or holidays. The following is a detailed description of the two data collection technigues:
1) vantage point/roving creel surveys to collect participation data (total effort by method),
and 2) access point surveys to collect CPUE and catch data.

PARTICIPATION DATA (ROVING SURVEY)

Data on participation rates (fishing effort as hourly number of gears and fishers by
method) were gathered at various vantage points, located in shoreline areas throughout
the Bay (see Figure 1). In order to discern the spatial distribution of fishing effort, the Bay
was divided into three sectors (North, Mid and South Bay, also shown in Figure 1),
approximately equal in total fishable area and comparable to designations used during
previous Kaneohe Bay biological investigations (Smith et al. 1973; Smith et al. 1981). Further
designations were used to indicate whether fishing effort was vessel-based or shore-based,
and If this activity took place inshore, in mid-bay waters, or offshore. A high powered (20-
60x zoom spotting scope was used to document total fishing activity occurring every hour,

Estimated participation rates (fisher-hours or effort-days by method) were calculated
during sample days on which the spotting scope was used to obtain counts of fishers from
the primary vantage point at Heeia Kea State Park (Figure 1). It was possible to view most
of the Bay and observe the method used by each fisher from this vantage point. In this
manner an instantaneous estimate of participation rates by method was made. Roving
counts conducted simultaneously via automobile were used to enumerate shoreline activity
out of view of the Heeia vantage point. The drive-by route originated from Heeia State
Park and proceeded either to the north or south of the park (direction chosen randomlyy.
A surveyor stopped at a designated area and ascertained (with the aid of binoculars and/or
a spotting scopel the number of fishers and types of fishing activity taking place.

The sample day was divided into two shifts, The morning shift began at about 6:00 a.m.,
depending on light conditions, and ran until noon. The afternoon shift ran from noon to
dusk. Sampling was conducted on a one-hour-on-one-hour-off basis. For example, if the
hour between 6:00 and 7:00 was used to record participation rate data from the vantage
point near Heeia Kea, the following hour would be used to verify the accuracy of these
counts, using a combination of roving methods and persistent visual observation. Often
It was not readily apparent what type of activity was taking place, especially when an
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empty boat was seen anchored on the reef. The second hour was Lu;ed to determine
whether a given party was engaged in a fishina operation or merely diving or boating for
pleasure. Sample times and days were rotated, so all hours of the day could be covered
equally.

Data for each time period were recorded on a participation survey form (Appendix 1) and
included:

Total number of vessels and fishers by sector.

Type of activity (i.e. fishing, SCUBA, recreation, tour group) per boat or fisher.

For fishing boats: method, number of gears and fishers.

For non-fishing boats: a tally of the number (of boats) observed during the hour.
- Weather conditions (wind speed, sea height).

Fishing methods were arbitrarily defined as being either "passive” or "active”, based on
the difficuity of detecting hourly fishing activity for the passive gears, which are left
unattended for extended periods of time. Passive methods (such as fishing with gill or
surround nets or traps) were treated differently from active methods, for which catch and
effort was more easily estimated on an hourly basis. Any passive fishing activity observed
during a sample day was recorded on a passive-effort-day basis, whether the method was

viewed during one or more hours. Each passive fishing party was counted only once during
a sample day.

CPUE AND TOTAL CATCH BY METHOD (ACCESS POINT SURVEY)

Catch and CPUE data were collected during access point surveys. The acCcess surveys were
originally designed to take place at various landing sites within the Kaneohe Bay area. The
surveyor recorded the number and type of vessels leaving the area and, if possible, the
fishing method used. The same information was recorded when the vessel returned to
port. A sample day began one hour before sunrise and ended an hour after sunset. This
boat log information (Appendix 2) was used during the HSBFS study to estimate total effort
for a given port day. Its main use in the present study was as a record of total boating
activity, including departure and arrival times, to help verify information gathered during

the interview process. Since multiple ramps are used at some sites, it also served as a
record of usage levels by boat ramp.

Fishers were approached upon their return to port at the completion of a fishing day.
Information recorded during an interview (Appendix 3) included area fished (inside or
outside the Bay), total time spent fishing by method, and total catch (number and weight)
by method and species. Any comments regarding the general state of the fishery were also
recorded. Initially, FUSKB personnel attempted to obtain a random sample of fishers,
regardless of whether they fished inside or outside the Bay. After examining the first two
guarters of data, it was found that a large percentage of fishers intercepted at Heeia Kea
Harbor (50-80%) fished outside the Bay. Thus, on many initial sample days very few inside-
the-Bay interviews were obtained. Beginning in the summer of 1991, survey efforts were

focused on obtaining interviews from those fishing inside the Bay and those fishing outside
the Bay were interviewed only as time aliowed.
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The primary access point for kaneohe Bay is at Heeia Kea Harbor, whicn is the most
heavily used boat jaunching £acility in the area. other poat launch sacilities within the
survey region include Kaneone Bay yacht Club, Makani Kal marina, and kaneohe Marine Corps
nir station. To date these other £3cilities Nave heen considered, but have not been
adequately sampled due to limited access and lack of persﬁﬂnel_ several choreline areas
and mudfiats have als0 peen identified as popular mooring spofs. These areas may be
surveyed in the future, as time and persuﬂnel permit.

Since interviews were conducted upon trip completion, this sampling method eliminated
the problem of analyzing cpuE and total catch data for incomplete frips. pnother
advantage 1S that many fishers can be interviewed 3t g single |ocation. This saves time by
sliminating the need for the syrveyor to move from place to place and wait for the fisher

: or disadvantage of this technigque is that
not all fishind methods used in kaneone Bay are represented py fishers who pass through
Heeia Kea Harbor. These other methods include chorecasting, cast-netting, dip-netting, and
inshore crab nettind. additional catch and effort data for these Fishing methods WEre
obtained during the roving portion of the partl{:matinﬂ curvey. Fisners were ar.mrcracned

whenasver possible 3long the survey route and interviewed as above.

SAMPLING FREQUENCY

sampling effort was stratified DY day type and took place during one weekday WD) and
one weekend o holiday (WE/H) per week. The sample days WEre chosen randomly 1N
advance and Were conducted using 3 rigid schedule to reduce campling bias. participation
(effort) and access point (CPUE) data Were collected on ceparate days during 3lternate
weeks. occasionally, enough personnel were available to conduct poth surveys on the same

day.

Data were coded and entered into a computer file using the dBASE IV + data entry
gystem adapted from e HSBFS Survey {Hamm and Lum 4992). Daily ﬁarticmatinn logs were
entered as separate files using the data entry programs written for this purpose. Daily boat
log, interview 109 (number of fishers, total Fours fisned and total catch by metnod) and
catch lod (catch by species and method) Were 350 entered as separate files.

EISHER PERCE PTIONS

several iess—atructured, informal interviews were conducted with Bay fishers throughout
the term of the ctudy to gain firsthand knowledge of past and present fishing practices in
¥anaohe Bay. in addition, voluntary responses of this nature Were recorded during access
interviews. pesults from rhese interviews and information qathered onthe nercelued state
of the fishery, including fishers' views on tne shared uses of kaneohe Bay, will also be

included in the discussion.




DATA ANALYSIS: EXPANSION METHODS

Estimates of total catch and effort were obtained using the basic data expansion
technique described by Malvestuto et al, (1978). Data processing was accomplished using
a2 SAS program (Statistical Analysis System software, SAS Institute 1988), written by S.P.
Malvestuto (Fishery Information Management Systems, P.O. Box 3607 Auburn, AL 36531-3607)
and modified in places by the author. The entire survey day was sampled equally, in order
to determine the amount of fishing activity (participation) that occurred at various times
throughout the day. This is in contrast to the non-uniform probability method employed
by Malvestuto et al. (1978), in which the fishery surveyed is divided into time blocks and
sampling probabilities are assigned proportional to the amount of fishing activity known
from previous surveys to occur during any given period. Within-day stratification can be
used later to survey the fishery at Kaneohe, once the entire day is properiy enumerated.
A total of at least 24 days (12 WD and 12 WE/MH) were sampled sach guarter. Data
expansions were calculated by quarters of the year to evaluate seasonal differences in
estimates of total catch, effort and CPUE.

Estimated participation rates were calculated in fisher-nours for active methods and in
effort-days (trips) for passive methods, Fisher-nours rather than gear-hours were used for
active methods, although both measures of participation were examined, since it was
apparent that most fishers in Kaneohe Bay Use only one gear (or one at a timea); thus, fisher-
hours for active methods are eguivalent to gear-hours, For most passive methods (gill and
surround nets), an "effort-day"” could alsc be defined as a "boat-day", "gear-day" or "fishing
rip”, since a single net is used by each fishing party. However, the nets vary in length,
depth and mesh size, so that fishing power is not necessarily equivalent. For trap fishing
the definition of a unit of effort is even maore difficult, since one or more traps are carried
on some vessels, but not all of these are necessarily fished at once or all day. Given the
small number of trap interviews, it was impossible to develop an accurate estimate of catch
per trap-day, so catch per effort-day (or per trig) had to be accepted as a first-order
estimate.

sSince sampling took place every other hour, participation-hours for active methods were
multiplied by two to get total hours for the whole survey day (@approximately 12-14 hours,
depending on the season). Mean guarterly participation hours per survey day (MPD)) were
calcuiated and summed for each active method, as:

n ¥

MPD, = 5 I 2p,/n
where,

B, = the number of fishers seen using the jth method in each of ¥ hourly counts
within a survey day of the ith stratum (WD or WE/H and quartear),

® = the number of one-nour counts made per survey day {one count completed
every other hour},

gl = the number of days in the quarter, and

r = the number of days sampled in the ith stratum.

For passive methods, total effort-days were summed for each method and averaged over
the entire quarter (for WD and WE/H separately). Days with zero participation-hours (or
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days) were factored into the guarterly mean for both passive and active methods. The
standard error of mean daily participation per guarter (SEMPD,) was calculated, using the
standard formula:

(1Zip,)" - ugp, i) :I |: i i
SEMPD, = \“ (i1 vt
with (daily) variance:

VMPD, = (SEMPD)*

Since the number of days sampled in a guarter exceeded 10% of the total number of days
in a quarter, the finite population correction factor could be used to adjust (reduce) total
variance (Cochran 1977), giving the variance of guarterly mean participation for each
method (VMPQ) as:

VMPQ, = (1-n,/N) (N) (VMPD)
= (1-n,/N) (N (SEMPD,)*

where N = the total number of WD or WE/H in the quarter and all other variables have been
defined. Relative standard error (RSE) was calculated for participation (and other estimates
to be described), by dividing the standard error by the estimate and multiplying by 100.
This provides a relative measure of variance, which is independent of the units emploved,
50 variance can be compared between estimates with different units (i.e. effort, catch,
cpuel (Malvestuto et al. 1978, Dent and Waagner 1991).

Most catch information was obtained on alternate weeks during interviews conducted
at Heeia Kea Harbor. Additional catch data were gathered on roving survey days. Estimates
of CPUE ({Ibs or number of organisms per fisher-hour for active methods, or per effort-day
for passive methods) were calculated by dividing the sum of total catch by the sum of total
effort for each method, over all sample days within a quarter, for a total ratioc estimate of
CPUE (Cochran 1977, Malvestuto 1983), as:

L.
CPUE, = E,
where,
n,
C. = Ic, = rtotalcatchilbsor number of oraanisms) recorded for all interviews for
the jth method over all survey-days in the ith gquarter:
I.-'II
E = g = Ttotaleffort (fisher-hoursforactive or effort-days for passive methods)

recorded for all interviews for the jth method over all survey days in
the ith quarter; and

n, remains as defined above.

This is in contrast to a means-of-ratio estimate, where daily CPUE estimates are averaged
over the number of days sampled (Malvestuto 1983). Variance of the CPUE estimate can be
determined from the standard variance-of-a-ratio estimator (Cochran 1977), as:

e




{z(c)* - 2(CPUE)(ECe) + (CPUE) Z(e')

VCPUE, = (n-1)
il
nton
with standard error SECPUE; = J WCPUE,
and relative standard error  RSE.,, = (SECPUE,/CPUE }{100).

Average CPUE over all WD and WE/H in the guarter was estimated as the weighted sum
of the products of each method's CPUE and an appropriate weighting factor (w),
representing the proportion of each day type (WD or WE/H) in the stratum.

QCPUE, = Xw)(CPUE)
where w, = n/N
and n, = the number of WD or WE/H in the quarter

which may vary slightly from one quarter
to another).

Quarterly variance of CPUE for each method was estimated in the same manner, from the
weighted sum of variance for WD and WE/H (except w, is squared in the variance formula).
Standard errors were based on the square root of the variance, and RSEs were computed
as described previously. Quarterly expanded catch (QEC) estimates were made by summing
quarterly method-specific expanded catch, based on the product of total guarterly
participation (QPD), and quarterly CPUE (QCPUE), 515 roliows:

QEC - ).QP,QCPUE)

where,

I

QP total gquarterly participation rate for each gear (hours or days)
= AMPD )Ny + (MPDjend Nyes)

The variance of expanded catch was calculated for each quarter and method, using the
formula for the variance of a product (Meyers 1875). Standard error and RSE for these
estimates were computed as described above. Once sufficient data were obtained,
expanded quarterly totals were summed to obtain annual estimates of harvest (total catch),
participation rates, CPUE (and their respective variances).

Finally, species composition of the total catch was estimated for the active methods by
multiplying the average percent species compaosition (by weighti for each method from
interview data by the expanded catch estimate by method. Variance for individual species
catch is not reported, but is undoubtedly high due to the variable number of methods
used and species caught.



RESULTS

Results to date have bean enumerated for six quarters, winter 1990 (December 1990,
January, February 1881) through spring 1992 (March, april, May 1992). Annual estimates of
catch and effort were calculated for the year March 1991 to February 1992, Data for winter
1880 and spring 1992 are also included for comparison.

Results obtained from the participation survey (expanded effort) make it possible to
quantify and rank the various fisheries (or fishing methods) used within Kaneohe Bay (Figure
2; Table 1). Most of these activities can take place from shore (shore-based) or from a vessel
fishing in the Bay vessel-based). They are listed below roughly in order from most to least
quarterly effort hours, except those gears/methods classed as "passive" (effort measured
in days fished), which are marked by an asterisk (*).

Pole-and-line fishing - includes spin casting (whipping), bottom fishing, shore casting,
dunking, and handlining

Spear fishing - includes spearing while skin or SCUBA diving, and spearing from a boat
without entering the water

Trolling — various sized vessels are used; this method is sometimes hard to distinguish
from pole-and-ling fishing when collecting boat log data, unless fishing lines are being set
up or are already in the water

Crab Netting - hoop style crab lift nets are used

Cast Netting - a circular throw net is cast and retrieved actively in relatively shallow
water

Invertebrate Collecting (For Aquarium) — using in-water, dive collecting methods: this
fishery includes commercial aguarium collectors who target featherduster worms,
anemones, small crabs, and (occasionally) fishes

Limu (seaweed) Harvesting - limu is harvested by hand from warious shallow reef areas
Dip Netting — often used to catch small fishes and crustaceans to be used as bait

Fence Netting - short length of net attached between two poles, used to catch shrimp
and small fishes

Aquarium Netting - using dip nets to catch fish for the commercial aquarium trade
Trapping (*) - includes fish, lobster, and crab traps

Gill Netting (*) - a long (up to over 1000 fL) rectangular set net that gills the fish, usually
placed at right angles to the current or along the edges of reefs in such a way as to
intercept schools moving along the bottom or surface.

Surround Netting (*) — 2 long rectanaular net, set in such a way as to encircle a school
of fish {set actively, but the catch is often retrieved over a period of hours or days).
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FIGURE 2: Estimated Annual (1991) Active Fishing Effort in Kaneohe Bay

NOTES:
Numbers in parentheses indicate relative standard error (RSE)
Shaded (slashed) portion of bar indicates shore-based activity
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Pole-and-line fishing, spearing, trolling, crabbing, cast netting, invertebrate collecting, and limu
harvesting are considered active fishing methods. Since these activities are visible as they occur, effort
can be calculated in hours fished. Gill and surround netting, and trapping are deesmed passive
methods; that is, due to extended soak times it is often difficult to visually discern total hours fished.

Pole-and-line fishing accounted for most active fishing effort within the Bay during all quarters
surveyed in 1991, (Figure 3: Tables 1,2). From 2.8 (summer) to 5.6 times (winterl more mean daily effort
hours went into this activity on WE/H versus WD over all guarters. Seasonally, pole-and-line fishing
effort was greatest during summer (13,482 hours) and lowest during winter 4,727 hours; Table 2.
Variance of these estimates, as expressed by RSE, remained between 12 to 13% throughout all quarters
sampled in 1991 and dropped to 10% during spring 1992. Maore than 35,000 annual pole-and-line angler-
hours were estimated to have been expended during 1981, with nearly 40% (14,283 hours) of this
activity occurring from shore (Figure 2). This accounted for 51.4% of the annual active fishing effort.

Spear fishing was the next most frequently encountered fishing method in Kaneohe Bay during 1991
{Figure 4; Tables 1,2). Mean daily effort was highest on WE/H, rather than on WD; estimated at about
1.72 times as much during the winter to 2.72 times as much during summer. Effort peaked (6,528
hours) and RSE's were lowest (1224 during fall while effort was lowest (2,537 hours) and RSE's were
highest {25%) during spring 1991 (Table 3). Effort during spring 1992 more than doubled (5,221 hours)
over spring of the previous year, Annual (1981) spear fishing effort peaked at 15,926 hours (22.9% of
total active effort) and 95% of this took place from boats offshore (Figure 2). Only 2.9% of the spear
ﬁ;hers used SCUBA, while 21% used the traditional method of spearing from the boat without entering
the water.

Trolling was the third most popular method in terms of fishing effort (Figure &; Tables 1,2). Mean
daily effort (angler-hours) was 2.5 times greater during summer and up to 6.0 times greater during
winter for WE/H versus WD activity. The total amount of effort was highest (1,887 angler-hours) during
summer and lowest (254 hours) during winter (Tabie 3). The oppaosite trend was seen for RSE's, which
as with spear fishing) were lower during periods of peak fishing effort. Trolling effort dropped
substantially during the spring of 1992 (818 hours; as compared to 1,914 hours during the spring of
19911 Estimated annual trolling effort exceeded 5,000 hours (7.3% of total active effort) during 1991
(Figure 2i.

Several other active methods of less importance were recorded during the participation counts
(Tables 1-3). Annual effort for these ranged from 646 hours for limu collecting to 2941 hours for crab
netting (Figure 2). Crab netting activity peaked during summer (951 hours); limu picking (334 hours)
and cast netting (524 hours) peaked during the spring; and invertebrate collecting (Figure 6) was at its
highest level (963 hours) during the fall. The mean daily fishing effort was generally higher on
weekends and holidays, except for invertebrate collectors. Very few invertebrate collectors were seen
on weekends or holidavys.

Other fishing activities observed included dip and fence netting, and tropical fish (aguarium)
collecting (Tables 1-3). Estimated effort over all active methods combined per quarter was also
calculated. Again, effort peaked during summer (22,373 hours) and was lowest during both winter
guarters (a3t 13,827 hours during 1890 and 10,421 hours in 1991: Figure 7). Total active effort for 1991
was estimated at 67,243 hours (4.0 RSE).
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